Atrial fibrillation (AF) is the most common cardiac arrhythmia. The prevalence increases with increasing age. In middle-aged men, endurance sport practice is associated with increased risk of AF but there are few studies among elderly people. The aim of this study was to investigate the role of long-term endurance sport practice as a risk factor for AF in elderly men. A crosssectional study compared 509 men aged 65-90 years who participated in a long-distance cross-country ski race with 1768 men aged 65-87 years from the general population. Long-term endurance sport practice was the main exposure. Self-reported AF and covariates were assessed by questionnaires. Risk differences (RDs) for AF were estimated by using a linear regression model. After multivariable adjustment, a history of endurance sport practice gave an added risk for AF of 6.0 percent points (pp) (95% confidence interval 0.8-11.1). Light and moderate leisure-time physical activity during the last 12 months reduced the risk with 3.7 and 4.3 pp, respectively, but the RDs were not statistically significant. This study suggests that elderly men with a history of long-term endurance sport practice have an increased risk of AF compared with elderly men in the general population.
Marathons and long-distance cross-country ski races have become increasingly popular, also at higher ages. Young and middle-aged male endurance athletes seem to have an increased risk of atrial fibrillation (AF) (Karjalainen et al., 1998; Elosua et al., 2006; Molina et al., 2008; Graff-Iversen et al., 2012; Müller-Riemenschneider et al., 2012; Andersen et al., 2013) but the role of endurance sport practice as a risk factor for AF among elderly people has only been studied to a small extent.
AF is the most common cardiac arrhythmia, with a prevalence of 1.5-2% in the general population (Camm et al., 2012) . The prevalence increases with increasing age, to 10% among 75-year-olds and between 15 and 20% in people aged over 85 years. The prevalence is highest among men, around 15% by 75 years of age (Heeringa et al., 2006; Tveit et al., 2008) . The positive association with age is partly explained by increasing prevalence of risk factors for AF. Coronary heart disease (CHD), hypertension and diabetes are among the most important risk factors (Kirchhof et al., 2012) , and are all preventable by regular physical activity (PA).
However, it has been hypothesized that long-term endurance sport practice facilitates structural changes in the heart, increased vagal tonus and bradycardia, which could predispose to AF (Calvo et al., 2012; Patil et al., 2012; Turagam et al., 2012; Wilhelm, 2013) . Many elderly participants in long-distance endurance sports events have been exposed to endurance sports for many years. Elderly people might be more vulnerable than younger people, due to CHD, hypertension and other factors predisposing to AF, so that the association between endurance sport practice and risk of AF might be even stronger in this population. However, elderly people with a history of long-term endurance sport practice might also have a lower risk of AF, due to the protective effect of PA on important risk factors.
We are aware of only two studies that address the association between leisure-time PA (LTPA) and risk of AF in elderly people; the Cardiovascular Health Study and the Physicians Health Study (Mozaffarian et al., 2008; Aizer et al., 2009 ). Most participants in these studies were less physically active than required for endurance sport practice and neither of these studies demonstrated increased risk of AF associated with PA in elderly people.
CHD among Norwegian long-distance cross-country skiers was studied by Lie and Erikssen in the 1970s. They found a low incidence among the skiers after 5 years follow-up (Lie & Erikssen, 1984) . After a 28-30-year follow-up of the same cohort, Grimsmo et al. (2010) demonstrated a high prevalence of AF among the elderly skiers, but the skiers were not compared with a control group.
The aim of our study was to investigate the role of long-term endurance sport practice as a risk factor for AF in elderly men, by comparing the prevalence of AF among participants of a long-distance cross-country ski competition with the prevalence of AF in the general elderly population.
Materials and methods

Design and study populations
The Birkebeiner Ageing Study (BiAS) is a longitudinal study of skiers aged 65 years and older participating in the Norwegian Birkebeiner cross-country ski race, with the main purpose to study associations between long-term exercise and health in advanced age. With a course of 54 km and a total of about 1000 uphill altitude meters, the Birkebeiner race is among the world's most challenging. Based on result lists provided by the organizer, all 658 Norwegian skiers aged 65 years and older who completed the race in 2009 or 2010 were invited to participate. A questionnaire and an invitation letter were sent to the participants, and the completed questionnaire was returned by post. Due to low number of female participants in BiAS, only men were included in this study.
In order to assess the association between endurance sport practice and risk of AF, cross-sectional baseline data from BiAS were compared with data from the sixth survey of the Tromsø Study (Tromsø 6) which took place in [2007] [2008] . The Tromsø Study is a population-based general health study with repeated crosssectional surveys in the largest city in Northern Norway (Jacobsen et al., 2012) . In Tromsø 6, 19 762 inhabitants in Tromsø aged 30 years and older were invited. A total of 12 982 participated (66%).
For this study, 1768 out of 2757 invited men aged 65 to 87 years were included from Tromsø 6 (67.7%). From BiAS, 509 out of 607 invited men aged 65 to 90 years were included (83.9%).
The Tromsø Study was approved by the Norwegian Data Inspectorate and the Norwegian Directorate of Health. Both studies were approved by the Regional Committees for Medical and Health Research Ethics, and comply with the Declaration of Helsinki. All participants gave informed written consent.
Assessment of atrial fibrillation, physical activity and exercise AF was assessed with the question "Do you have, or have you had atrial fibrillation?" in both studies.
In both studies, an identical question with a four-level scale was used to assess LTPA: "How physically active have you been during the past year in your leisure time. If your activity level varies between summer and winter, note an average value. Tick one only." Levels of activity were defined as follows: (a) sedentary (reading, watching television, other sedentary activity); (b) light PA (walking, cycling or other activity for at least 4 h per week); (c) moderate PA (light sports, heavy gardening, for at least 4 h per week); (d) high PA (regular hard exercise or competitive sports several times per week). This scale was originally developed by Saltin & Grimby (1968) and was used in middle-aged and elderly Swedish athletes. It discriminates between sedentary persons and their more active counterparts with respect to maximal oxygen uptake (Saltin, 1977) , and has been validated in the Tromsø population (Emaus et al., 2010) .
The participants in BiAS were asked for the total number of years they had practiced systematic endurance training, the age when they first participated in the Birkebeiner race, how many years they had participated in the race, and how many Birkebeiner medals they had won. Participants with a finishing time not exceeding 25% of the average finishing time of the five fastest participants in each 5-year age class are awarded a Birkebeiner medal.
Assessment of health status and other characteristics
Age was registered at inclusion. Body mass index (BMI) was calculated as weight (kg) divided by squared height (m). CHD was assessed with the two questions "Have you had a heart attack?" and "Do you have or have you had angina pectoris?" Hypertension was assessed with the question "Do you take or have you ever taken blood pressure lowering medicines?" Diabetes was assessed with the question "Do you have diabetes?" Education level, health status, smoking habits and alcohol consumption were assessed with slightly different questions and categories, and recoded into common categories. In Tromsø 6, height and weight were measured with subjects wearing light clothing and no shoes. Except from height and weight in Tromsø 6, all variables were selfreported by questionnaires, with only minor differences between the studies. English translations are available on websites (http:// www.kavlisenter.no; http://www.tromsostudy.com).
Statistical analysis
Characteristics of the study populations were compared by Student's t-test for means of continuous variables and Pearson's Chisquare of independence for categorical variables.
A history of endurance sport practice, defined as belonging to the study population of skiers, was the main exposure. Total prevalence and prevalence after exclusion of persons with CHD were reported for the variable self-reported AF outcome.
Both study populations were analyzed together in a linear regression model with a robust variance estimator. The model gives risk differences (RDs) with 95% confidence intervals (CI) for AF. When designing the model, a direct acyclic graph (DAG) was used to identify covariates that are appropriate for adjustment. The DAG shown in Figure 1 is simplified to aid readability. Covariates and arrows not influencing the analysis are excluded. The highlighted arrow represents the direct association between endurance sport practice and AF. CHD, hypertension, diabetes, age, height, BMI, education level, alcohol consumption, smoking habits and LTPA were adjusted for in the model. Health consciousness in the DAG represents unmeasured confounding lifestyle factors. In the variable "number of alcohol units usually consumed when drinking," there were over 10% missing data among the skiers. Analysis after exclusion of cases with missing data for alcohol consumption did not change the effect estimates.
Since odds ratios (ORs) are commonly reported for binary outcomes like AF, we also report results from a logistic regression model using the same covariates as the linear model.
All statistical analyses were conducted using SPSS version 20.0 (IBM, Armonk, New York, USA).
Results
Some characteristics of the study populations are shown in Table 1 . Participants in BiAS were on average 2.7 years younger, had a lower BMI, and were taller compared with the general population. Higher proportions of the skiers reported college or university education and Atrial fibrillation in elderly skiers current full-time employment. There were fewer smokers and more alcohol consumers among the skiers. They also reported higher levels of LTPA and valued their own health as better than the general population in Tromsø. All these differences were statistically significant. Among the skiers, the average BMI was normal and the prevalence of traditional risk factors for AF was very low. The crude prevalence of AF was 13.2% in the skiers and 11.6% in the general population. The prevalence of AF after exclusion of persons with CHD was 13.0% in the skiers and 9.8% in the general population. Figure 2 and Supporting Information Table S1 show adjusted RDs with 95% CIs by selected covariates based on the linear regression model. The constant term shown in the first line of the table describes the risk of AF for a reference person, and was estimated to 11.3%. This equals the expected prevalence of AF when all covariates are set at their reference values. Endurance sport practice gave an added risk for AF of 6.0 percent points (pp) (95% CI 0.8-11.1). The risk of AF increased with 0.4 pp per added year of age. The risk of AF increased with 0.3 and 0.6 pp per cm of height and unit of BMI added, respectively. Also hypertension and CHD were associated with added risk for AF. RDs were not significant for diabetes, smoking, lipid-lowering treatment or alcohol consumption (Fig. 2) .
Example
The estimated risk of AF for a sedentary 71-year-old man, 175 cm tall, with a BMI of 26.3, non-smoker with average alcohol consumption and education level, no CHD, diabetes or hypertension and not practicing endurance sports was 11.3%. For a man with the same characteristics but who practices endurance sports, the estimated risk was 13.0% if reporting moderate PA (11.3+6.0−4.3%), and 17.6% if reporting the highest level of PA (11.3+6.0+0.3%).
Associations expressed as relative effects (ORs) were calculated by logistic regression. The adjusted OR (aOR) for AF in men practicing sport was 1.28 (95% CI 0.94-1.73) after adjustment for age and 1.90 (95% CI 1.14-3.18) after multivariable adjustment for age, traditional risk factors for AF and education. After exclusion of persons with CHD and multivariable adjustment, the aOR for AF was 1.81 (95% CI 1.04-3.14) (n = 1713).
Sensitivity analysis after exclusion of skiers who had participated less than three times in the Birkebeiner race did not change the effect estimates.
Discussion
This study suggests that elderly men with a history of long-term endurance sport practice have a higher risk of AF than elderly men in the general population. Light and moderate LTPA during the previous year may reduce the risk of AF, although this is not statistically significant in this study.
Our study confirms earlier findings of a high prevalence of AF among elderly male long-distance crosscountry skiers (Grimsmo et al., 2010) , and the association between repeated participation in longdistance cross-country ski races and increased risk of AF, recently discovered among Swedish skiers (Andersen et al., 2013) . Consistent with previous results from Tromsø (Nyrnes et al., 2013 ), we did not find an increased risk of AF associated to level of LTPA. In contrast, recently published results from a large population-based study indicate that LTPA is associated with an increased risk of AF in the middle-aged general population (Thelle et al., 2013) . The cohorts in these two studies were younger than our study populations.
In accordance with previous studies, both body height and BMI were positively associated with the risk of AF Nyrnes et al., 2013) . The added risk of AF per unit of BMI of 0.7 pp is similar to the OR of 1.08 for AF per unit of BMI found in a population-based cohort of Danish men (Frost et al., 2005) .
Study population
In the Cardiovascular Health Study of elderly people, the most active people had the lowest incidence of AF [hazard ratio (HR) 0.64, 95% CI 0.52-0.79] (Mozaffarian et al., 2008) but they reported exercise corresponding to an average of only 1840 kilocalories per week, which is probably much less than average in our study population. Interestingly, exercise intensity was associated with risk of AF in a U-shaped pattern: While moderate intensity was associated with lower incidence Fig. 1 . Simplified direct acyclic graph (DAG). Arrows and covariates not influencing the analysis are excluded. The highlighted arrow illustrates the direct association between sport practice and atrial fibrillation. The other arrows illustrate intermediate covariates in the association (blue), confounding (red) and colliding (violet) covariates. (*) Endurance sport practice is covered by the term physical activity. Due to different underlying mechanisms in the association with AF, self-reported leisure time PA was adjusted for when estimating risk differences for AF.
of AF, people reporting the highest intensity had the same incidence as people not exercising. In The Physicians Health Study, no association was found between exercise frequency and risk of AF in physicians aged 50-84 years, although the most active doctors exercised five to seven days per week (Aizer et al., 2009) .
In our study, 61% of the skiers reported LTPA below the highest level during the last 12 months. This might be important in the interpretation of our results, as the increased risk of AF associated with endurance sport practice might partly be balanced by light or moderate PA. This reduction in AF risk might be explained by a reduced prevalence of AF risk factors, as demonstrated in the DAG (Fig. 1) .
The added risk of AF by long-term endurance sport practice found in our study corresponds to an aOR of 1.90 (95% CI 1.14-3.18). A meta-analysis reported an OR for AF of 5.3 (95% CI 3.6-7.9) in athletes compared with non-athletes (Abdulla & Nielsen, 2009 ). The higher ORs reported in the meta-analysis and previous publications (Karjalainen et al., 1998; Elosua et al., 2006; Molina et al., 2008) might reflect exposure to sport practice at higher levels than in our non-elite skiers, that different types of endurance sports might be differently associated to the risk of AF, or that the volume of training between competitions varies between the study cohorts.
Control group
Even more importantly, the prevalence of AF in the control groups influences the effect estimates strongly. While the Finnish orienteering runners in Karjalainen et al.'s study (1998) were compared with middle-aged men with a low prevalence of AF, the skiers in our study were compared with the general population with an AF prevalence of 11.6%. The comparison of a highly selected cohort of skiers with the general population might be questioned. However, a control group of elderly people with very low prevalence of traditional risk factors for AF and without a history of endurance sport practice might be difficult to find. In the study of Swedish long-distance cross-country skiers, the HR for AF among participants who had completed five or more races was only 1.29 (95% CI 1.04-1.61), and no significant association was found between finishing time and AF risk. The lack of comparison of the skiers with inac- tive people is discussed by the authors as an important limitation of the study (Andersen et al., 2013) .
Age
Age is another factor with an impact on effect estimates and the younger age of the cohort of Swedish skiers probably contributes to the weaker association. Longterm PA and endurance sport practice reduces the risk of CHD, hypertension and diabetes. These are all important risk factors for AF and are increasingly prevalent with increasing age. While the relative importance of other modifiable risk factors decreases with increasing age, PA is shown to be a robust health-promoting factor in elderly people (Gulsvik et al., 2011) . It is unclear how a potentially stronger beneficial effect of exercise in this age group might influence the risk of AF. In the heterogeneous group of elderly, there might be both individuals who benefit from their history of endurance sport practice with reduced risk of AF and individuals who experience an increased risk due to age-related vulnerability to strenuous endurance sport practice.
Strengths
The main strength of the study is the unique sample of elderly and active long-distance cross-country skiers, which on average has been exposed to endurance sport practice over many years at a much higher level than the general population. Previous studies of the association between sport practice and risk of AF have been questioned (Delise et al., 2012) because many of the participants were exposed to cardiovascular risk factors like smoking . The low prevalence of traditional risk factors for AF in BiAS is another asset of our study. Very few of the skiers were smokers, had CHD or diabetes, and the prevalence of hypertension was much lower than in the general population. Due to the high response rate of almost 84%, we assume the study population in BiAS to be representative for elderly men participating in long-distance endurance competitions. Finally, our results are strengthened by multivariable adjustment for possible confounding from various life style factors, health conditions and socioeconomic status.
Limitations
The main limitation of the study is self-reporting of AF. AF often remains unrecognized for a long time, especially in elderly people (Engdahl et al., 2013) and because AF is often paroxysmal, the diagnosis might be difficult to confirm. Palpitations and other symptoms might be interpreted as AF, leading to false positive reports. Thus, the validity and completeness of the outcome measure is a weakness of many studies assessing prevalence or risk of AF. The skiers might also be more aware of heart rhythm disturbances than others and more interested in participating in the study, which could possibly lead to an overestimation of the risk of AF in this population. The cross-sectional design limits the possibility to investigate causal associations, as it is unclear if the outcome has preceded the exposure. However, in this study it is unlikely that AF has preceded the participation in endurance sport, as most participants have practiced long-distance cross-country skiing for many years.
Endurance sport practice was not recorded in Tromsø 6. We assume from the low number of participants reporting the highest levels of LTPA that the number of subjects participating in long-distance endurance competitions in this study population is low or zero and that the difference between the study populations could therefore be interpreted as binary. However, this could lead to an underestimation of the effect estimate in our study.
Elderly populations are heterogeneous and, despite adjustment for chronological age, the degree of biological ageing is likely to be differential between the study populations, as expressed by differences in CHD and cardiovascular risk factors. The study populations may also differ in terms of unmeasured characteristics. In population-based studies, the proportions of people with ethnic minority background (Christensen et al., 2012) and with poor health status (Knudsen et al., 2010) tend to be larger among non-responders than among responders and this trend tends to counteract selection bias in our study. However, selection bias may have influenced our results.
People without AF are more likely to continue participation in long-distance endurance sport competitions into old age, corresponding to a healthy worker effect (Thygesen et al., 2011) . This assumption is supported by the fact that there were no cases of AF among the skiers aged 80 years and older and probably leads to an underestimated risk of AF among the skiers. On the contrary, some skiers with AF might have been motivated to continue skiing because of the beneficial effects of exercise.
Perspective
This study adds to the current knowledge regarding the association between endurance sport practice and risk of AF. In elderly men, a history of endurance sport practice was found to be a risk factor for AF with an effect comparable to traditional risk factors for AF like CHD and hypertension. Light or moderate LTPA during the last 12 months seems to partly balance the increased risk of AF. It is still unclear if sport practice in different life phases influences the risk of AF differentially and how AF in this population of very active elderly men might influence the risk of stroke. Regular PA reduces mortality, functional decline and the risk of several age-related diseases. Elderly people should therefore be encouraged to be physically active.
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